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@) Ircfeo uocd 8n modfe-color printing. 

(£h Aqueous Inks containing 1,2-aKcyl of from C4 to C10 dtols, opecffically 1 ,2-rtajuanedtol or 1,2- 
pantanedkd are employed In jet inks. Two cuch inks of different oolcra applied atdo-by-aide to paper <£o 
not bleed and therefore give excellent Image dsfinltfon. The dels are not flammabta. odorous or highly 
volatile. 
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Tgchntegj Flgjd 

This invention relates to printing with liquid ink on paper with more than one odor positioned contiguously. 
Typically, the ink is applied as drops from an ink jdt printer. To achieve good color Quality, the inks may not 
5 bleed laterally on the paper Into each other. 

Background cfttlho Invorrtlon 

This invention employs 1,2-alkyl dtota of from C4 to CIO (4 to 10 carbon atoms forming I ha sikyf) in other- 
to wise convention ed aqueous inks to eliminate bleeding of inks of different colors. The use of alcohols in such 
inks is conventional, as Illustrated In U.S. Patent Nos, 5.207.824 to Moffatt et d. 5.196.056 to Prasad and 
5,186.057 to Eocano et al, but not the use of 1 ,2-aJkyl dtolc of from C4 to C10. U.S. Patent No. 5,165,968 to 
Johnson et el lists 1, 2-pentane diol as unacceptable for the inks of that patent. 

U.S. Patent No. 5,141 .558 to Shlrota et al teaches the use of a wide variation of trids In such inks to Improve 
15 anti-feathering, drying, and penetrability. U.S. Patent Kto. 4,732.613 to Shtoya etal teaches multi-color printing 
from inks generally as contemplated by this invention and lists a number of di and Iri propyl or higher alcohols. 
1 ,2.&-hexan6iriol Is listed, but the 1 .2 diol of butane or higher elkane Is not listed. 

U.S. Patent No. 5.116,409 to Moffatt teaches a bleed alleviation mechanism employing aourfactant to form 
micelles. At least with respect to the C4 to C8 dtds of this invention, this invention does not employ micelle 
20 formation, as shown by trts absence of a sharp breaft in the surface tension versus concentration plots of into 
of thi3 invention. 

The mechanism employed by this cnventton is increased penetration. Primary alcohols such as n-propanoJ . 
n-butanol and n-pentand Increase penetration and thus eliminate bleed, but for reasons such as flemmablllty 
with the lower alcohols, odor, and higher volatility in the ink. these primary alcohols should be avoided or may 
25 be undesirable. The 1 2 diois of C4 and C10 have the same effect on penetration and thus bleed but are not 
flammable and may be used in Inks without special precautions. 

Plodegure of the I revert Ion 

so This Invention employs aqueous inks of at least two ootors applied to paper close together In time In dose 

lateral proximity. The inks contain at least-in the order of magnitude of 0.1 to 1 2.5 percent by weight 1 ,2-alkyl 
dtols of from C4 to C10, preferably about 2.5 percent 1,2-heKartsdtol. In general, the shorter carbon chains 
require a higher percentage of diol to eliminate bleed. The colors do not bleed, and an excellent multicolor image 
definition is obtained. 

S3 The use of 1 ,2.6-heKBnetrld, or any did except 1 .2 dtoi Is entirely inef foctrve to achieve ths same reduction 

of bleed obtained from the 1>2 dlds. The uea of the trtols of the foregoing Patent No. 5.141.556 is believed to 
be at least much less effective to achieve reduction of bleed as obtained from the 1.2 diols. 

The 1.2-alkyl dto&a have tho added feature of increasing the pa net rattan of trta ink and thus dim inciting 
the bleed at relatively low concentrations, specifically less than 6% by weight The more common dtols with 
40 alcohol substrtuonts on tho end carbons are inoftoctivQ at blood control at concentration undor 10% by wscght, 
this indudss such compounds as 1,4-butanediol, 1,5-pentenedid. and 1,6-hexanedtoL 1^,6-hexenetriol, as 
discussed In eorrts detail below, was Ineffective at 20% by weight 

The liqutd ink formulas in accordance with the preferred embodiment of this invention are ao follows: 
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Poircorot toy Weight 


5 


Dye 


2.5 




EDTA(ethy!ensdlemInetetreac©tto add, tetrasodlum salt) (chelating agent) 


0.1 




1,2-Hascanedcol 


5.0 


10 


Triethyten© glycol (humectant) 


5.0 




Proxsl OXL (trademark, btodd®) 


0.2 




Sodium phosphate (buffer) 


0.75 


19 


Water 


Balance 



This ink has the following characteristics: Surface tension: 36 dynes per cm; pH; 7.5-8.8. depending on 
the dye; and viscosity: 1 .3 c3t at 25 degrees C (higher viscosity inks also f unction well In accordance with this 
invention). 

20 

Preferred dyes are the fail owing: 
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33 wherein M Is H t U, No, K, -NH 4 . 
EJIuq: Direct Blue 1©fi: 

Direct Blue 1 $9 is e sulfonated copper phthalocyanine dye. a commercial product of Zeneca Colours Inc. 
to and other f Irene. 

Yellow: Dlroet Yollro 132: 

Direct Ydlow 132 io a sulfonated aco dye, a commercial product of Zeneca Colours Inc. and other firms. 
45 The subject invention, however, is aptficatie to inks having virtually any water-soluble dye. 

In a typical application, four Into era used, one having a magenta dye. one having a cyan dye, one having 
yellow dye and one having a black dye. The magenta, cyan and yellow dyes are subtrsctive and are apfrfcad 
on top of on© another to prcduc® colors which may include the entire visible spectrum. The blacfc is used for 
outlines and symbolo. Application of the tnko Is by any 9teindard Ink Jet printing. The preferred Into are formu- 
90 latod for thermal Ink jet printing inohich heating of the ink vaporizes wsAar and that wapor servos sa a propallant. 

The preferred inks are a solution with no particulate components. The paper tested is ordinary neutral oal- 
luioslc paper, and similar function with ordinary acid or basic paper Is projected. The Inks are printed contig- 
uously end vbtudry simutoarteouciy and no bleeding acrooa the boundary of two inks is experienced. 

A close substitute for the l.2-he«anedici is 1 ,2-pantanedfol. Although, more of me 1,2-pantanediol would 
93 be required to eliminate bleed. Pentanedid and other substitutes and the level c? use are In the following table: 
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Minimum lavs] at or around 


1^-AICiyMllol 


By titeCgM 


1,2-butanedld 


12.5% 


1,2-perrtanedcc5 


7.5% 




2.5% 


1^-octanedtol 


1.0% 


1 t 2-d©can©dtoJ 


0.1% 



The above levels of 1 ,2-eikyl die) aremerely guiflatings for blood a(leviation. Lower levels can ba achieved 
by combination of one or mans dlolo. The exact ievel necessary for bleed depends on the prtnthsad design, 
tha printer driver, and tha media and environmental conditions for whfch one la optimizing. For example, lower 
drop mass In the printhesd Improves Weed. Effects such shingling (repetitive overprinting) and ink depletion 
(shipping dots In printing) In the printer driver also Improves the output color bleed quality. In these cases, a 
lower level of dtol ia possible. 

The 1 ,2 dids are not common. Where the higher altcane dioJs are mentioned in chemical literature without 
quallf icatton, that doss not Imply 1,2 dids. In fact, 1 ,2 dioJs aro actually available In tho United State© in limited 
quantities. 

Inks have been formulated and tested in a manner exactly corresponding to the foregoing preferred em- 
bodiment except that 1.2,8-hexartetrtoi was substituted for the 1,2-hsxanedid. Teats were made at 5 percent 
by weight of the 1 ,2.6-hexanetrtol and at higher weights up to 20 percent by weight of the 1.2.6-hexanetrm5. 
No significant alleviation of bleeding was observed while, of course, th© Ernne tnCc having 1.2-hexanedtoJ vtr- 
tually eliminated bleeding at 6 percent by weight. 

Variations In the ink formula can be extensive eo long as the 1,2 dtols are employed. 



CI a I mo 

1. An ir& for inkjei printing comprising a polar vehicle, a dye soluble in said vehide and a 1,2-alkyl diol of 
33 from 4 to 10 carbon atoms forming the dfcyl: said did being in an amount of at least in the order of mag- 
nitude of 0.1% by weigh* when said carbon atoms ana 10 and 12.5% by weight when said carbon atoms 
are 4 and intermediate said amounts whan said carbon atoms are from 5 to 9. 

2. Tho Ink ©s In daim 1 In which satd dtol Is 1,2-haxanedtol. 

40 

S. The ink as in daim 1 in which said dtol Is 1,2-pentanedid. 

4. The Ink as In delm 3 In which safd 1,2-pentanedld is in amount of at least about 7.5 percent by weight 

^5 3. The in* as in daim 1 in which said alkyl 1 ,2 did is in amount of at least about 1 percent by weight whan 
said carbon atoms are B. 

<3. The Ink as In daim 2 In which satd 1.2-bewanedld b In amount of at least about 2.5 percent by weight. 

7. A process of multJ-cdcr printing comprising printing on paper from a first ink of one color and a second 
50 ink of a different color on a first region with said first ink and on a second region in dosa lateral proximity 

to said first region In dose proximity in time to said printing on said first region witti said second ink, each 
of said Inks being an aqueous Ink containing at least one dye to provide said color and a 1.2-alkyi did of 
from 4 to 10 carbon atoms forming the dkyl in amount to prevent latere) bleeding of said inks. 

53 Q. The process as In daim 7 In which oatd dtol Is 1.2-haxanedtol. 

©. The process as In daim 7 tn which said dtol is 1,2-pentanedid. 
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